A case of severe diquat poisoning complicated by the development of aggressive behaviour, oliguric renal failure, and intracerebral bleeding is described. The patient was successfully managed and made a complete recovery. In this paper special attention has been given to the major clinical diVerences between diquat and paraquat intoxication. (Postgrad Med J 2001;77:329-332) 
Diquat (1,1'-ethylene-2,2'-bipyridyldiylium) is a non-selective herbicide which belongs to the same class as the more widely used paraquat (1,1'-dimethyl-4,4' bipyridyldiylium) (fig 1) . In animal experiments the acute toxicity of diquat and paraquat is similar; however, there are far fewer case reports in the literature of diquat than of paraquat poisoning.
In previously described cases of fatal diquat intoxication, most of the patients died from complications involving the gastrointestinal tract, brain, and kidneys. As with paraquat, most of the fatalities involved ingestion of the concentrated formulation with suicidal intent.
Case report
A 52 year old white man, with a history of alcohol abuse, presented after the ingestion of about 160 ml of "weed killer" with suicidal intent after his wife left him. The weed killer was thought to be paraquat solution at presentation but later a plain bottle was discovered with the words "Diquat Reglone Poison" written on it. Analysis by ultraviolet spectroscopy confirmed that it contained diquat ion at a concentration of 170 g/l. Ten minutes after ingestion, the patient began vomiting. On admission he was well orientated and not cyanotic. His vital signs were as follows: pulse rate 138 beats/min regular, blood pressure 130/87 mm Hg, respiratory rate 28 breaths/min, and arterial oxygen saturation on air of 91%. Clinical examination was otherwise unremarkable. He was given 50 g of activated charcoal on arrival at the emergency department; this was followed by vomiting of brownish-blackish gastric contents. Activated charcoal was given four hourly as tolerated.
He was catheterised and started on intravenous fluids to maintain diuresis. An electrocardiogram and chest radiograph were initially normal. Initial laboratory investigations are shown in table 1.
His urine output in the first few hours after admission was >100 ml/hour with no detectable proteinuria or haematuria. Within a few hours his general condition deteriorated, he became drowsy, and his oxygen saturation fell to 88% on air. A qualitative urine test (dithionite test) which is normally used for paraquat was said to be positive, although the colour and intensity was not described. The next day his renal function deteriorated despite adequate fluid replacement therapy and urine output. He became agitated and started showing signs of alcohol withdrawal. He was given parenteral diazepam but absconded from the ward and could not be traced. He was readmitted on the third day after intoxication with symptoms of dry cough, shortness of breath, dysphagia for solids, and repeated vomiting. On examination at this stage there was evidence of buccal mucosal ulceration. Vital signs showed blood pressure 157/105 mm Hg, radial pulse 116 beats/min, and respiratory rate 32 breaths/min. Chest examination showed harsh vesicular breath sounds with scattered inspiratory crackles at the lower and middle zones bilaterally. Chest radiography showed ill defined bilateral basal changes of possible infection or aspiration pneumonitis. He developed oliguric renal failure and type 1 respiratory failure (table 1) . A blood sample taken several days after the ingestion showed that diquat was not detectable (limit of detection 50 ng/ml). The patient was transferred to a renal unit for dialysis.
He was noted to have widespread burns to his oral mucosa and tongue and marked perianal excoriation thought to be due to the irritant eVect of diquat being passed per rectum. His blood gases deteriorated with radiological evidence of diVuse shadowing in both lung fields. It was not possible to say how much of this was related to chemical pneumonitis and how much to secondary pneumonia induced by aspiration. He was treated conservatively with oxygen and antibiotics and he narrowly avoided ventilation.
His renal function continued to deteriorate and he required the institution of peritoneal dialysis for two weeks. During the acute illness he also developed drowsiness, dysphasia, and left hemiparesis. Computed tomography confirmed an intracerebral haematoma in the region of the right basal ganglia and external capsule. His renal function gradually improved and his chest signs cleared completely. He needed blood transfusion for anaemia. His stroke recovered gradually after a few months of physiotherapy.
A few months after the intoxication he was complaining of shortness of breath on exertion. Pulmonary function tests did not show any evidence of fibrotic lung sequelae. His shortness of breath was thought to be related to chronic bronchitis secondary to chronic heavy smoking.
Discussion
Paraquat and diquat are bipyridilium herbicides, which are inactivated by adsorption to clay material in the soil. 1 The most widely available formulations for both chemicals (for example "Gramoxone" for paraquat and "Reglone" for diquat) are 20% liquid concentrates for professional use only. Numerous paraquat/ diquat mixtures, as well as mixtures with other herbicides are available. A low strength granular formulation containing 2.5% paraquat and 2.5% diquat is sold in the UK and Ireland for home and garden use. The toxicity of the bipyridilium compounds is based on identical mechanisms and is very similar to the toxicity of oxygen.
2 3 The main diVerence between paraquat and diquat is that the former is actively accumulated in the lung, while the latter is not. 4 Intracellularly, both chemicals undergo redox cycling, leading to the generation of superoxide anions (fig 2 ) . These may react to form hydrogen peroxide and subsequently the highly reactive hydroxyl radical which is thought to be responsible for lipid peroxidation and cell death. A second contributing factor to (table 2 ) . In mild poisoning, as well as acute fulminant poisoning, the clinical picture is essentially the same for both bipyridyls. [5] [6] [7] [8] [9] [10] [11] [12] This is also the case for the initial phase in moderate to severe intoxication, which is characterised by reversible renal and liver failure. However, despite having the same pathogenic mechanisms, the subsequent clinical course of paraquat and diquat poisoning in this group is quite diVerent. In paraquat poisoning, delayed development of pulmonary fibrosis is responsible for the generally poor prognosis. 5 6 In contrast, intestinal paralysis and fluid loss is a prominent feature of diquat intoxication and may lead to abdominal distension, tissue dehydration, and hypotensive shock. 7-9 11 12 Severe neurological and neuropsychiatric complications due to brain stem infarction and/or intracranial haemorrhage, as observed in our patient, have been described in the literature. 8 13 14 Pulmonary fibrosis has not been seen after diquat poisoning. [7] [8] [9] [10] [11] [12] [13] [14] The treatment of diquat intoxication is based on the same principles as described for paraquat poisoning with prevention of absorption and enhanced elimination being the mainstay of the therapy. Gastric lavage and the use of activated charcoal, Fuller's earth, or bentonite together with administration of a cathartic have been advocated as an early treatment to minimise absorption from the gastrointestinal tract. 8 9 Gastric and intestinal decontamination should be performed cautiously because of the risk of perforation, particularly when treatment is delayed. Adsorbent material should be instilled with care during intestinal paralysis since massive sequestration may occur.
Because of the massive fluid losses into the gastrointestinal tract and its potential circulatory and renal consequences, special attention must be given to adequate hydration of the patient, ideally with monitoring of central venous pressure. 8 9 Anticoagulants should be administered with great caution because of the risk of brain stem haemorrhage. Forced diuresis has been used to enhance the elimination of diquat, 15 16 however, there is no conclusive evidence of its therapeutic value.
Extracorporeal haemodialysis was found to be ineVective in removing diquat from the circulation. 17 As with paraquat, haemoperfusion with activated charcoal has been suggested as a more eVective way of lowering the plasma diquat concentration, but a beneficial eVect has not been conclusively demonstrated. 8 18-20 The mainstay of an adequate therapeutic approach for paraquat and diquat poisoning continues to be prompt treatment as soon as possible after ingestion.
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